A paleomagnetic study has been carried out on a sequence of Oligocene and early Miocene marine glacial sediments recovered from DSDP Site 270 in the Ross Sea, Antarctica. The reversal stratigraphy for 30 to 240 meters below bottom compares closely with the early Miocene part of the sea-floor anomaly scale of Heirtzler et al. (1968) . The linear relationship not only requires a constant sedimentation rate of 41 m/m.y., but at the same time confirms the regularity of polarity change for this part of the Heirtzler et al. scale. The interval from 240 to 370 meters below bottom is entirely normally magnetized, possibly because of a change in the magnetic character of the sediments due to the formation of magnetically unstable authigenic minerals. The sedimentation rate probably remained almost constant, because the same sedimentary facies occur throughout the glacial marine sequence, and because the three reversals from 370 to 384 meters, the base of the glacial sequence, indicate a sedimentation rate similar to that for the upper part.
INTRODUCTION
Site 270 (Figures 1, 2 ) penetrated 20 meters of soft Plio-Pleistocene glacial mud (Unit 1), which was not sampled because of the degree of core deformation. This layer rests with slight angular unconformity (l°-2°) on a 364-meter-thick semi-lithified to lithified marine glacial sequence (Unit 2) which was the object of this investigation. Unit 2 is underlain disconformably by a thin preglacial sequence (Units 3, 4, and 5). A basement of calc-silicate gneiss was encountered at 412 meters below bottom.
The sediments of Unit 2 are silty claystones and clayey siltstones with sparsely scattered sand, granules, and pebbles, and have been divided into 3 lithofacies and 10 subunits on the basis of subtle differences in bedding character and clast distribution (see Chapter 8, this volume).
Age determinations based on sparse benthonic foraminifera indicate an age no older than Oligocene for the lower part of Unit 2, and place the OligoceneMiocene boundary 280 meters below the top (300 m below bottom). Faunas are too poor for ages to be assigned to the upper part of Unit 2 (see Chapter 8, this volume). SAMPLING, PREPARATION, AND MEASUREMENT Core samples were taken on the ship, and were oriented with an arrow indicating the up-hole direction. No azimuthal orientation was possible because of the rotation of core segments (normally 5-20 cm long) during drilling. Specimens 3-6 cm 3 in volume were cut from selected samples. Magnetic intensity and inclination were measured on a 5-Hz spinner magnetometer, similar to the design of Foster (1966) . Measurements were made of both natural remanent magnetization (NRM) and partial thermal remanent magnetization (PTRM) after thermal demagnetization (see below). Specimens were weighed after the cleaning process, and the intensities of magnetization have been expressed in emu/g.
A preliminary study to determine the paleomagnetic properties of the sediment was made on 50 specimens. Most of these were spaced at about 10-meter intervals in the upper part of the unit, and revealed a pattern of normal and reversed NRM. From the frequency of polarity changes with depth, the sedimentation rate was estimated to be of the order of 50 m/m.y. It was therefore decided to obtain measurements from at least one point for every 5 meters of core length, so that no magnetic events of more than 100,000 years would be missed. Over much of the upper 80 meters of the unit, core recovery is less than 50%, and this has left unsampled six intervals of between 5 and 7 meters each representing not more than 140,000 years. Where changes in polarity were indicated by only one or two specimens, further specimens were cut from adjacent samples to determine whether the polarity change resulted from a significant geomagnetic event or from local core disturbance.
More than one specimen was cut from the horizon for seven samples to check the consistency of the measurements. The results (Table 1) indicate that, for most specimens, magnetic intensities are within about 10% and inclinations within 10°. However, these values increase for specimens with intensities of magnetization less than about 3 × 10~6 emu/g, as the maximum sensitivity of the magnetometer is approached. About 15% of the specimens are in this category.
STABILITY OF MAGNETIZATION
Initially progressive thermal demagnetization was carried out on nine specimens, by raising the cleaning temperature in 50°C steps to 300°C, and measuring the PTRM after each step ( Figure 3 ). The shapes of the cleaning curves and the reversal pattern in the NRM in the upper part of the unit (30-240 m below bottom) indicate that the magnetization of the sediments in this interval is partially stable, similar to that of many deep-sea sediments (Opdyke et al., 1966) . All samples were therefore cleaned at 150°C. This appears to have been sufficient to remove low temperature viscous components; 66 specimens out of 72 showed only small changes in inclination, although 6 changed polarity from normal to reversed. In the interval from 240 to 370 meters below bottom the NRM remains normal and has a relatively high intensity. Thermal demagnetization of three specimens at temperatures up to 300°C showed magnetic behavior similar to that of specimens higher in the unit (Figure 2 ). Cleaning of 20 specimens from this interval at 400°C and 450°C did result in some reversals of magnetization with low inclinations at both temperatures. Consistency between the sets of measurements on these latter specimens is poor (Figure 4) . Possibly a more refined demagnetization method can isolate a primary remanent magnetization.
For the interval from 370 meters to the base of the unit (384 m below bottom) the magnetic behavior of the specimens is very similar to that in the upper part of the unit, apart from a lower intensity.
RESULTS
The reversal stratigraphy from the top of Unit 2 to 233 meters below bottom ( Figure 5 ) compares very closely with the geomagnetic field reversal time scale based on sea-floor anomalies (Heirtzler et al., 1968) for the period from 17 to 22 m.y. (Figure 6 ). This implies not only a nearly constant sedimentation rate of 41 ±1 m/m.y. for the 205 meters of sediment, but also the linearity of the Heirtzler et al. time scale for this interval. There is unlikely to be a causal connection between the sedimentation rate at Site 270 and spreading rate of the South Atlantic Ocean, on which the scale is based.
If the sedimentation rate is extrapolated a short distance below the lowest reversal control point at 233 meters below bottom, the Oligocene-Miocene boundary at 22.5 m.y. (Berggren, 1972) is at 260 meters. The foraminiferal evidence to date (see Chapter 8, this volume) suggests that the boundary lies between 293 and 309 meters.
Just below 150 meters below bottom the presence of three reversed specimens and two with zero inclination indicates a previously undetected magnetic event lasting between 0.02 and 0.12 m.y., assuming the above sedimentation rate. The zero values for inclination may be explained by deposition close to a polarity change because of signs of burrowing in the two samples. However, they are 0. The mean inclination for the specimens 30-233 meters below bottom is 45°, with a standard deviation of 24°. This is significantly below the 85° expected from the high latitude of the drill site during the Tertiary. No reason for this difference is known.
The long normally magnetized interval from 240 to 370 meters below bottom can be explained in three ways: (1) a sudden and dramatic change in the sedimentation rate (from roughly 500 m/m.y. to 41 m/m.y. for the overlying sequence); 2) a change in the grain size or mineralogy of the detrital magnetic grains, due to a change in source; and 3) a change in the depositional or postdepositional environment, which had favored the formation of authigenic magnetic minerals.
This interval does include two short sections of 10 and 23 meters at 250 and 320 meters below bottom, respectively, where bedding dips at 20° to 50°, indicating slumping. However, the relatively high magnetic intensity over the interval compared with that above suggests a change in magnetic character of the sediments rather than a change in sedimentation rate. Both the abundances of various pebble lithologies and the proportions of pebbles and clay in the sediments (Barrett, this volume) show no obvious or consistent variations that could indicate a change in the sediment source or in the balance of the depositional processes. Furthermore, shore laboratory X-ray data (Cook et al., this volume) show no significant change in mineral composition that might be related to the loss of magnetic stratigraphy. Our favored explanation at present is that the loss in magnetic stratigraphy results from the authigenic formation of a magnetic mineral-perhaps maghemite or pyrrhotite-with unstable magnetization. Shipboard records show six occurrences of brassy sulfide nodules, described as pyrite, between 215 and 355 meters but shore laboratory X-ray data record pyrite only from outside the long normal magnetic interval. A similar instability of magnetization, though on a much smaller time scale, has been observed in many red clays in the Pacific region, and has been related to an increase in the proportion of manganese micronodules (Haggerty, 1970) . However, smear slide descriptions for Unit 2 at Site 270 indicate only trace amounts of micronodules, and analyses show that the glacial sediments at Site 270 have an unusually low manganese content (Frakes, Chapter 25, this volume).
The reversal stratigraphy reappears near the base of Unit 2 (370-384 m below bottom). Although the three polarity changes cannot be uniquely related to the Heirtzler et al. time scale, an approximate age for the base of the glacial sequence can be obtained by assuming a constant sedimentation rate for the interval. If a sedimentation rate similar to that higher in Unit 2 is assumed, either of the two bracketed lines A (Figure 6 . The long interval of normal magnetization from 230 to 370 meters below bottom is attributed to destruction of the detrital remanent magnetization by authigenic growth of minerals with unstable magnetization.
5. Using the sedimentation rate of 41 m/m.y., the Oligocene-Miocene boundary is at 260 meters below bottom, in reasonable agreement with its location at 300 meters from foraminiferal evidence.
6. The age of the base of the glacial sequence is by extrapolation either 25 or 25.5 m.y. 2. An additional short reversal between 0.02 and 0.12 m.y. at 19.6 m.y. has been detected.
3. The sedimentation rate for the interval is 41 ±1 m/m.y., and was more or less constant for the period.
